absorption were atomic, that is if the absorption of the rays were not produced so much by the nature of the molecule as by the constituents of the molecule, there ought to be some simple relation between the absorbing powers of salts having the same acid radicle. This investi gation, however, was originally suggested with a view to finding out whether the very great difference in the transparency of individuals to Rontgen rays might not be caused by an excess of some salt in the composition of the blood or muscular tissue.* Some results have been obtained by different experimenters, the most exhaustive treatment of the subject up to the present having been given by Dr. Gladstone and Mr. Hibbert (B.A. Reports, Section B, 1896, 1897, 1898).f They found that the physical condition of the absorbing substance (whether solid or liquid) produced no very marked differences, also that the absorption of a mixture of salts was the same as that of the double salt in the same state of division, and that the change in atomicity of the absorbing substance produced no appreciable effect, also that the total absorption produced by a solution was the sum of the absorptions of the salt and its solvent.
They also found that the absorptive power depended on the atomic weight and not on the density or combining proportions; using an aluminium stepped scale they found that the absorption appeared to increase logarithmically with the thickness of aluminium traversed. The same experimenters have also examined the absorptive power of various metals and metallic salts, and have compared that of different acid radicles.
Before, however, their results were published the present investigation was taken up, and the results obtained appear to be of considerable interest. Similar results have been obtained by several others, J but all are included in the more exhaustive work of Dr. Gladstone and Mr. Hibbert.
The great difficulty found in the investigation was the obtaining of quantitative results, as, although it is a comparatively simple matter to obtain approximate qualitative results, it is much more difficult to obtain even approximately accurate quantitative values. The only method which appeared to offer much prospect of success was a photo graphic one, and all the values given below have been obtained photo graphically.
The first method adopted was to place two cells made of thin glass in front of two holes cut in a thick lead sheet, one cell being filled with water and the other with the solution to be tested; the photographic plate was placed behind the lead sheet, and exposed generally for ten minutes to the rays. The tube was placed in such a position that the anti-cathode was in the normal drawn to the photographic plate from the point midway between the two holes, and was 12 inches distant from it. The plates, after development, were placed in the photometer; and the relative intensities of the two spots compared, the arrangement adopted being that shown below, fig. 1 , in which the two spots were illuminated by the light from two candles.
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A ground glass screen was placed behind the plate to obtain uniform illumination of the spots. It was found with this arrangement that the relative intensities could be determined with considerable accuracy, but that the relative intensities depended to a certain extent on the time of development, as has also been noticed by Hurter and Driffield. Another disadvantage of this method was that the allowance that had to be made for the absorption of the glass was a comparatively large one with many solutions, and that the error incident on the determina tion of this correction was such as to materially alter the relative absorbing powers. Thus if a be the percentage of absorption due to the glass of the cells (which was within limits of experimental error equal for the two cells employed), b that due to the water in one cell, and b + c that due to the solution in the other cell, being supposed to be that part of the absorption due to the presence of the dissolved salt, the ratio actually observed in this method by comparing the intensities of the two spots isa + b + c _ absorption due to the cell and dissolved salt a + b , absorption due to the cell and water
If therefore c is small compared with b or a, the accuracy attainable is very much reduced. For very absorbent substances, however, this method gave fairly good results.
A very important question in connection with this investigation was the standard with which all these aqueous solutions were to be com-% pared. It seemed most satisfactory, since all the solutions that were tested were aqueous, to choose water for the standard absorber, and all numbers given are relatively to water. Now, to determine the relative absorbing power of the salt in solu tion, compared with the absorbing power of water, we may consider the absorption of the solution to be split up into two parts, one due to the absorption of the water of which the solution is made up, and the other part due to the salt dissolved. Now, as above., let a = percentage absorption due to cell, per centage absorption due to the water, c = percentage absorption due to the salt. Then first comparing the intensities of two spots, as above, one obtained through an empty cell and one through a cell filled with water, we have -J -= K] (say), 1 + | = Ki, and _ i _ .
Then, comparing the intensities of two spots, one obtained through a cell filled with water, and the other through a cell filled with the solution, we have~T
and substituting for a, we have
The assumption here made is that the intensity of the black spot on the negative is proportional to the intensity of the light falling on it.
With the cells used Ki = L7. The second method used for the determination of the relative absorbing powers, was based on the fact that the amount of absorption of any substance varies with the thickness of the layer traversed by the ray.
The arrangement of the apparatus was as shown in fig. 2 . EE is a wooden base supporting the two uprights HH, to which is attached a thick lead sheet (shaded diagonally in the figure). In the uprights, HH, three grooves are cut, into which fit the bases of the three cells, 1, 2, 3, which are thus supported one above the other on their wooden stand. The cells 1 and 3 are wedge-shaped, being 137 mm. long, and 20 mm. wide at the broadest part, sloping away to nothing at the thin end of the wedge. The cells are about 25 mm.
deep. The middle cell 2 (above) is oblong in shape, being 137 mm. long by 20 mm. wide. All the cells are made of paraffined mahogany about 1*6 mm. thick. On the other side of the lead sheet the dark slide containing the plate is placed, stops being arranged so that the plate is always in the same position relatively to the wedges. Opposite the cells three oblong holes 115 mm. long by 20 mm. wide are cut in the lead sheet, so as to allow the rays to fall on the photo graphic plate; the focus tube used was placed 300 mm. distant from the plate, and was arranged so that the centre of the reflector or anti cathode was opposite the middle of the centre hole in the lead.
In an experiment the two wedge-shaped cells 1 and 3 were filled with the solutions that required testing, while the middle cell 2 was filled with water. It was found that the intensity of the radiation from the tube was very nearly constant over the whole plane of the plate, the variation in intensity of the strip obtained opposite the middle slit varying very little from one side to the other. Also, no difference could be perceived when the cells 1 and 3 were filled with the same liquid, thus showing that the variation in the vertical direc tion was negligible.
In all experiments the same focus tube was used, the intensity of the X rays being adjusted by heating. To give an idea of the penetrative power of the rays used, it may be stated that at a distance of 12 inches from the tube, the bones of the hand were clearly visible on a fluorescent screen, while the flesh still appeared dark. By this very rough test the tube was brought as nearly as possible to the same condition for each experiment. It was found, however, that the use of different penetrative powers had very little effect on the relative absorbing powers of the solutions, though the actual intensity of the rays was greatly altered. In all experiments the plates used were Edwards' " Cathodal Plates " (5 inches by 4 inches); they were developed by hydrokinone and potassium carbonate in from ten to twelve minutes during the warm weather, the time necessary being increased during the colder months. Now to determine the absorbing powers by measurement of these plates, a special form of photometer was devised for the purpose as shown below, fig. 3 . AA is a piece of wood about 10 inches by 6 inches, fixed to the base BB, and fitted at the back with grooves, so that a plate can slide from one end to the other along the grooves, figs. 3 and 4. G is a vertical slot cut in the wood, into which a diaphragm is fitted, pierced by three narrow slits, as shown in fig. 4 , special precautions being taken that the three slits were all of the same width (0-5 mm.); H is a horizontal slot, cut as shown, to the bevel side of which a scale, SS, is attached. CO, fig. 3 , is a blackened screen, placed so as to screen the eye from all light, except that which appears at the slits in G. ' A piece of ground glass or white paper was placed behind the slit so as to form a uniformly illuminated background.
Ground g la s s
The plate was shifted along its slide until the intensity of the illumi nation of the slits 1 and 2 (say) was equal, the reading on the scale opposite the edge of the plate was then noted, a series of values was taken and the mean value calculated. The scale was so placed that the scale reading gave the distance from the end of the strip corre sponding to the thin edge of the wedge in the photographing apparatus, In terms of the whole length of the wedge.
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W eight (in grams) of anhydrous salt in 100 c.c. of norm al solution.
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These results were obtained by m ethod 2. T he absorption both o f these an d of th e iodides is rath e r too high to make great accuracy possible. Lord Blytliswood and Dr. E W. Marcliant.
W eight (in grams) of anhydrous salt in 100 c.c. of normal solution.
Thickness (in mm.) of normal solution neces sary to produce the same absorption as 20 mm. of water.
A cetates:« -Aluminium (pow der).,. Now proceeding to a consideration of the results obtained, it is at once clear that the absorption, in almost every case, in these normal solutions, increases with the atomic weight, the higher the atomic weight of the elements of which a salt is composed the greater is the absorption. This effect is most noticeable in the case of bromides and iodides* In all cases these salts are absorbent, even when the bromine and iodine are combined with the transparent sodium and magnesium. The iodides also are more absorbent than the bromides. Now proceeding to the consideration of the absorption produced by salts with other acid radicles, the differences are not so marked, but in all cases the least absorbent salt is the nitrate, the next the chloride, the most absorbent being the sulphate ; this does not agree with the order of increase of the molecular densities, or of the atomic weights of the constituents. I t would therefore appear that the absorptive power is not entirely dependent on the atomic weight of the compo nents of the acid radicle, or on its molecular density; the order in the first case being (1) Acetates are slightly less absorbent than chlorides, though the number of salts tried is sm all; only four giving results to which weight can be attached, since aluminium and iron were simply powders in suspension and partially precipitated.
It now remains to be seen if there is any definite connection between the equivalent weight of the bases composing the different salts and their absorptive powers. Their order may be written down as follows:-In ascending order of absorption-
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The metals bracketed together have very nearly the same absorp tive power. The order given above does not agree very nearly with h the order of increase of equivalent w eight; it agrees more closely, however, with the order of increase of atomic weight. I t is to bee noticed particularly, th at the salts of the alkali metals are less absor bent than might have been expected from their equivalent weight, also*c th at in the calcium, strontium and barium group the amount of absorption does not increase rapidly with the increase in atomic weight. I t may therefore be generally stated that the absorptive power of salts having different bases, but the same acid radicle, increases with the atomic weight of the metal forming the base, though not accord ing to any definite law.
This agrees with the results obtained by Dr. Gladstone and Mr. Hibbert.
Effect of Rays of different Penetrative Powers.
As stated above, the penetrative power of the X rays used did not have much effect on the apparent relative absorptive powers of the different solutions, but as a still further check on the power of the rays used, the time taken for the developer to bring the strip on the plate photographed, through 20 mm. of water, to sufficient density (allow ance being made for the temperature) was always observed, and if this differed much from that necessary on a normal plate, the experiment was repeated. Measurements made on these rejected plates, however, showed that within limits of experimental error, there was no differ ence between absorptions thus obtained and those calculated from mea surements made on fully exposed negatives. Measurements were also made using rays of different penetrative power, and developing for the same time ; but the plates obtained admitted of only such rough measurement that here again no differences were detected, the strips being either too dense, or the differences in intensity at the two ends corresponding to the thick and thin ends of the wedges being too slight, to admit of accurate photometry. I t may be stated generally therefore that the rays of different penetrative powers do not appear to have any effect on the relative absorptive powers of the different solutions.
Effect of Strength of Solution.
In order to determine the effect produced by using solutions of dif ferent strengths, a number of measurements were made on various sa lts: (1) Lead acetate, (2) potassium bromide, (3) iodine in potas sium iodide, (4) nickel chloride, (5) sodium thiosulphate (strong solu tion).
Curves are plotted below showing the relation between the amount of salt in solution and the thickness necessary to produce the same amount of absorption as 20 mm. of water. From these numbers it is clear that the amount of absorption is not proportional to the number of molecules of the salt traversed by the ray, and does not appear to follow any simple law. The connection appears to be logarithmic from the shape of the curves. 
Effect of Thickness of Solution traversed.
Various experiments have been made in order to verify the state ment made by Messrs. Gladstone and Hibbert and others* that the amount of absorption varies logarithmically with the thickness traversed by the rayr ~log + ff),
where r = percentage of the rays absorbed by ihe solution under con sideration. The results obtained appear to confirm their conclusion. As a preliminary experiment, the intensities at different distances along the strips on three of the plates above considered were carefully compared with the intensity of the strip photographed through 20 mm. of water. Now proceeding to consider these resultsLet A0 be the original intensity of the X rays. Ai the amount of the rays absorbed by the water. A2 the amount of the rays absorbed by a given thickness of the solution. Ai be the coefficient of absorption for water. A2 be the coefficient of absorption for the solution.
Then the intensity of the strip obtained by passing the rays through 20 mm. of water is proportional to A -Ai, and the intensity of the photographic image at the distance along the strip corresponding to the given thickness of the solution to A -A2, and for the relative intensities of the photographic images (Ko), we have * A. Ruguet, ' Comptes Rendus,' vol, 125, pp. 39S-400; F. Re, loc. cit.
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or, according to the above assumption, ■ 1 -log (M2 + K2 " 1 -log (M i + M ' If K3K4, &e., are the values of K corresponding to the different thicknesses tz, h, &c., of the solution, we have
is a constant for any one plate -C (say) \ hence,
The value of p however (being th at part of the absorption produced by the walls of the cell and the air traversed) is known to be very small compared with
Xt, and may therefore in a first approxima lected. The above equation then reduces to h C (K2 -K3) -log -= log h -log • Below are given the results for the three plates used 111 the test experiments. The relative intensities were obtained by means of an arrangement similar to that described for the determination of the relative intensities of the spots on the photographic plate m method 1; but arrangements were made to bring the illuminated images nearer to each other to enable more accurate comparison to be made.
The errors, when all precautions were taken, were not greater than 6 per cent, for the determination of the relative intensities, corre sponding to 3 per cent, on the determination of the distances of the source of light necessary to produce equal illumination.
In the following tableColumn 1 gives the thickness of the solution traversed by the X rays in millimetres. " 2 gives the logarithms of these thicknesses, to base 10. " 3 gives the differences of the logarithms. " 4 gives the intensity of the image photographed through the thickness of the solution given in column 1, in terms of the intensity of the image photographed through 20 111m. of water. " 5 gives the differences of these intensities. ,, 6 gives the ratio of the differences of the logarithms in column 3 to the differences of the intensities in column 5.
It is clear therefore that if the logarithmic law holds, the numbers in column 6 should be equal for any given plate. The value of C = 0*45. And since as above C = l-lo g (A 1^1) log(A1^1) = 0*55. whence (as above) A* = 0*18.
Sodium T h i o s u l p h a t e , 2XN.
It will be seen, therefore, that the value of A was not constant for water, and hence not for solutions, if they obey the same laws. This is confirmed by observations made on plates where the penetrative powei was not sufficiently great to give a dense photograph. The variation in the intensity of the photographic image, according to the thickness of the solution traversed, appearing to he much less than with rays o neater penetrative power, although, as stated above, the thickness of ?he solution necessary to produce the same amount of absorption as 20 of water was constant within limits of experimental erro.* This agrees with the observation of M. Buguet T e values of X for the different solutions have not therefore been calculatThe value of /* for the apparatus used would (from the comparatively close agreement with theory of the above numbers) seem to be The results given above show that the logarithmic law is at any rate approximately true.
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Conclusions.
1. The absorption produced by normal aqueous solutions of metallic salts having the same acid radicle, increases with increase of atomic weight of the base. 2. Metals belonging to the alkali group are not very absorbent neither are those belonging to the calcium, strontium, and barium group, their atomic weight being taken into con sideration. , 3 Bromides and iodides of the metals are all highly absorbent. 4. W ith the three common acids, the order of increasing absorptive power is nitrate, chloride, sulphate. 5. The absorption produced by a salt is dependent mainly on t e atomic weight of its constituents.
* Considering this statem ent in the light of th e known facts w ith regard to the photography of the bones of th e hand, it will be seen th a t facts are not in contra diction to the conclusions drawn from these experiments. W ith rays of low pene trative power, the whole hand appears dark though the screen appears lg (assuming X large for the flesh and m uch larger for the bones), th e reason being th a t both the flesh and bones absorb nearly all th e rays. Assume, for example, th a t for this penetrative power the flesh allows only 1/100 of th e light to pass an e bones 1/1000. Now, using rays of greater penetrative power we may assume th at the flesh will allow l/1 0 th of the light to pass while the bones will only a o 1/100th to pass. The bones will now he faintly visible. P ushing the penetra ive power still further, assume th a t the flesh now allows half of the light to P*S8» e bones will allow only l/20th, and will be very sharply defined. W ith stall fur er exhaustion of the tube the flesh may now be assumed to allow 9/10ths of the light to pass, while the bones still only allow 1 /ll th ; and, as is known, at th is stage the bones themselves begin to appear transparent. , A t the same time it is not assumed th a t the ratio of the absorption or different salts does remain constant throughout this very wide range, bu a e fact th at the ratio of the absorptions appears to remain constant throug a " M e range while the actual absorption may differ appreciably through this range, is no in contradiction to other observations. Resistance 6. The amount of absorption produced by a given thickness of a solution of a metallic salt is not proportional to the amount of salt in solution, but appears to follow approximately a loga rithmic law. 7. The amount of absorption varies logarithmically with the thickness of the solution traversed by the rays. The percentage absorp tion may be represented by an equation, of the form r = log (Xt + n) where A . is a constant depending on the nature of the solution, and on the penetrative power of the X rays, and t is the thickness of the solution traversed.
It is to be noticed that all the above tables and conclusions are based on measurements made with solutions containing the equivalent weight of the salts, in grams per litre, so that the molecular absorption of the salts with divalent or trivalent bases is greater than that indicated in the tables.
The conclusions 1, 5, and 7, given above, are in exact agreement with those stated by Dr. Gladstone and Mr. Hibbert in their articles in the ' Chemical News '
(l o c . Numerous references have been made throughout this paper to their articles and reports before the British Association, though it was not until the above investigations were nearly completed that attention was drawn to the work that had been done by them. (Abstract.)
The object of the present paper is to obtain solutions of the problem of Torsion for certain cylinders, whose cross-sections are bounded by confocal conics. It is mainly an extension of de Saint-Yenant's in vestigations, and is based upon his general equations of torsion.
The method employed depends Upon the use of conjugate functions £ and rj, such that £ = const, represents confocal ellipses and rj = const, confocal hyperbolas.
The use of conjugate functions for the torsion problem has been suggested by Thomson and Tait,* by Clebsch,f and by Boussinesq. J
